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SUMMARY
In  t h i s  t hes j - s  a  quan tum mechan i ca l  desc r i p t i on  o f  pho to -e lec t ron
spec to rscopy  i s  p resen ted .  I n  add i t i on  i n tens i t i es  and  pos i t i ons
o f  pho to -e lec t ron  peaks  a re  ca l cu la ted  f o r  some  s imp le  sys tems .
The  ca l cu la t i ons  a re  ca r r i ed  ou t  w i t h  a  non -o r thogona l  con f i gu ra t -
i o n  i n t e r a c t i o n  m e t h o d  ( N O C I )  t h a t  h a s  n o t  b e e n  a p p l i e d  b e f o r e .
I n  chap te r  I I  a  f o rma l  t ime - i ndependen t  quan tum mechan i ca l
t r ea tmen t  i s  p resen ted  o f  t he  f i na l  s t a tes  t ha t  can  occu r  on
in te rac t i on  w i t h  e l ec t ro -magne t i c  r ad ia t i on .  A t  r e l a t j - ve  l ow
pho ton -ene rq ies  a t  mos t  one  e lec t ron  pe r  a tom (mo lecu le )  w i I l
b e  e m i t t e d  a n d  t h e  p o s s i b l e  i o n  s t a t e s  a r e  d i s c r e t e  e i g e n s t a t e s .
A l l  f i na l  s t a tes  a re  coup led ,  howeve r ,  wh j - ch  i s  impo r tan t  f o r  an
unde rs tand ing  o f  r esonances  t ha t  can  occu r  i n  t he  c ross  sec t i ons
s u c h  a s  a u t o - i o n i z a t i o n .
A t  h i ghe r  pho ton  ene rg ies  more  e lec t rons  can  be  em i t t ed  pe r
mo lecu le .  The  obse rved  peaks  i n  t he  pho to -e lec t ron  spec t rum can
( fo rma l l y )  on l y  be  exp la i ned  t h rough  a  t heo ry  o f  r esonan t
sca t t e r i ng .  f n  t he  t heo ry  p resen ted  seve ra l  k i nds  o f  r esonances
can  be  d i s t i ngu i shed .  I so la ted  resonances  can  g i ve  r j - se  t o  a
Lo ren tz -d i s t r i bu t i on  j - n  t he  k i ne t i c  ene rgy  spec t rum o f  t he
emi t t ed  e lec t rons .  The  t heo ry  i nd i ca tes  t ha t  a t  t hese  re l - a t i ve
h igh  pho ton -ene rg ies  t he  spec t rum con ta ins  a  no i se - l i ke  back -
g round ,  wh i ch  i s  de te rm ined  by  t he  non - resonan t  pa r t  o f  t he
p roces .  Th i s  backg r round  can  be  ana l i zed  expe r imen ta l l y  by  co -
i nc idence  measu remen ts .  The  i n f l uence  o f  t he  nuc lea r  mo t i on
i n  m o l - e c u l e s  i s  b r i e f  l - v  d i s c u s s e d .
fn  chap te r  I I f  mode l s  f o r  t he  ca l cu la t i on  o f  abso lu te  and
r e l a t i v e  i n t e n s i t i e s  a r e  d i s c u s s e d .  A  n e w  d e r i v a t i o n  s h o w s  t h a t
unde r  ce r ta i n  cond i t i ons  t he  p robab i l i t y  amp l i t ude  o f  a  pho to -
e l e c t r o n  t r a n s l t i o n  i s  g i v e n  b y  t h e  p r o d u c t  o f  a n  " e f f e c t i v e "
one -e lec t ron  d ipo le  ma t r i x  e l emen t  and  a  " reduced"  ove r l ap -
m a t r i x  e l e m e n t .  T h i s  r e s u l t  i s  n o t  l i m i t e d  t o  i o n i z a t i o n s  f r o m
c l o s e d  s h e l l  s y s t e m s  o r  d e e p - l y i n g  s h e l l - s .  I t  i n c l u d e s  t h e
, l  c9
u s u a l  i n t e n s i t y  m o d e l s  f o r  t h e  c a l c u l a t i o n  o f  t h e  r e l a t i v e
i n t e n s i t i e s  o f  s a t e l l i t e s  a s  w e l l  a s  o f  t h e  m u l t i p l e t  p e a k s
i n  o p e n  s h e l l  s y s t e m s .  F o r  c l o s e d  s h e l 1  s y s t e m s  t h e  r e l a t i v e
i n t e n s i t i e s  o f  s a t e l l i t e s  c a n  b e  c a l c u L a t e d  w i t h  t h i s  m o d e l
on ly  i f  the cor responding ion s ta tes have the same symmetry
( m o n o p o l e  " s e l e c t i o n  r u l e s " ) .  O n e  m a y  n o t  c o n c l u d e  t h a t ,
conve rs i l y ,  i on  s ta tes  o f  d i f f e ren t  symmet r y  canno t  appea r
as  sa te l l i t es  o f  one  and  t he  same  ma in  peak  (d i po le  " shake -
u p "  )  .
I n  chap te r  IV  i t  i s  exp la i ned  why  t he  ca l cu la t i ons  i n  t he  sub -
sequen t  chap te rs  a re  ca r r i ed  ou t  w i t h  an  unusua l  me thod ,  t he
n o n - o r t h o g o n a l  c o n f i g u r a t i o n  i n t e r a c t i o n  m e t h o d  ( N O C I ) .  I n  t h e
usua l  me thods  o r t hogona l  one -e lec t ron  s ta tes  a re  emp loyed  o f
w h i c h  o n l y  a  p a r t ,  t h e  s e t  o f  o c c u p i e d  o r b i t a l s ,  i s  o p t i m i z e d
f o r  t h e  m a n y - e l e c t r o n  s t a t e  u n d e r  c o n s i d e r a t i o n .  T h i s  l e a d s
gene ra l l y  t o  l ong ,  poo r l y  conve rg i . g ,  expans ions  f o r  t he  many -
e l e c t r o n  w a v e f u n c t i o n s  t o  b e  d e t e r m i n e d .  A l s o  t h e  r e s u l t s  a r e
o f t e n  b i a s e d  t o w a r d s  a  p a r t i c u l a r  s t a t e ,  u s u a l l y  t h e  g r o u n d -
s t a t e .  F o r  s p e c t r o s c o p i c  a p p l i c a t i o n s  t h i s  c a n  b e  a  d i s a d v a n t a g e
e s p e c i a l l y  i f  w a v e f u n c t i o n s  a n d  e n e r g y  e i g e n v a l u e s  a r e  n e e d e d
for  a  number  o f  s ta tes o f  the same synunet ry .  The NOCI method
t r i es  t o  remedy  t h i s  s i t ua t i on  by  f i r s t  ca r r y i ng  ou t  i ndependen t
S . C . F .  ( U . F ' .  o r  M C S C F )  c a l c u l a t i o n s  f o r  a  n u m b e r  o f  s t a t e s .  T h e
ma t r i x  r ep resen ta t i on  o f  t he  N -e lec t ron  ham i l t on ian  i n  t e rms  o f
t he  wave func t i ons  so  ob ta ined  i s  d i agona l Í zed ,  t ak ing  t he  non -
o r t h o g o n a l i t y  o f  t h e  f u n c t i o n s  i n t o  a c c o u n t .  E s s e n t i a l  f o r  t h e
m e t h o d  i s  t h e  a b i l i t y  t o  c a f c u l a t e  e f f i c i e n t l y  m a t r i x  e l - e m e n t s
b e t w e e n  s t a t e s  d e s c r i b e d  w i t h  d i f f e r e n t ,  m u t u a l l y  n o n - o r t h o g o n a l ,
s e t s  o f  o n e - e l e c t r o n  f u n c t i o n s .  T h e  m e t h o d  a p p l i e d  i s  a l s o
a p p l i c a b l - e  t o  m o l e c u l a r  p r o b l e m s ,  s o m e  o f  w h i c h  a r e  i n d i c a t e d .
T e c h n i c a l  d e t a i l - s  a r e  d i s c u s s e d  i n  A p p e n d i x  D .
I n  chap te rs  V  and  V I  f i na l l y  a  number  o f  pho to -e lec t ron  peaks
and  the i r  r e l a t i - ve  i n tens i t i es  a re  ca l cu la ted  f o r  Ne  and  A r  us inq
the  NOCI  me thod  and  t he  t heo ry  o f  chap te r  I I I .  Compar i son  i s
made  w i t h  expe r imen ta l  da ta  and  o the r  r ecen t  ca f cu la t i ons .  Fo r
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Ne  the  ag reemen t  w i t h  expe r imen t  i s  gene ra r r y  good .  Fo r  A r ,
whe re  t he  ca l cu ra t i ons  a re  more  l im i t ed  i n  cha rac te r ,  t he
a g r e e m e n t  i s  l e s s  s a t i s f a c t o r y .  f t  c a n  b e  c o n c l u d e d  t h a t  i t  i s
wo r thwh i l e  t o  f u r t he r  exp lo re  t he  Noc r  me thode  as  t o  i t s
a p p l i c a b i l i t y ,  e s p e c i a l l y  a l s o  t o  e l e c t r o n i c  s t a t e s  o f  m o l e c u l e s
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